The is calculated taking into account t h e magnetizing process of a magnet, This paper describes a method f o r calculating t h e magnetization in t h e magnet, and the effects of t h e pattern of magnetization distribution and t h e shape of t h e coil on torque ripples, The c a l c u l a t e d results a r e i n good agreement w i t h t h e r e s u l t s measured.
INTRODUCTION
In order to m i n i a t u r i z e a brushless d.c, rnotorll] and to decrease i t s torque ripple, it is necessary to know a c c u r a t e l y t h e flux dlstributlon i n t h e motor, The magnetlzatian distribution in the rotor magnet, however, was unknown, because the analysis of 3D magnetic Eield in a magnetizer for the rotor magnet was difficult,
Therefore, the precise analysis of magnetic field could n o t be anticipated.
Moreover, the shape of the coil of the motor is g e n e r a l l y three-dimensional, a n d interllnkage flux of the coil v a r i e s w i t h the r o t a t i o n of t h e rotor magnet. Therefore, it was difficult to predict the torque ripple, w h i c h is a function of the rotor position, S e v e r a l methods have been xeported i n order to a n a l y z e t h e effects of the shape of the coil on the torque ripple. where A, J and MI are the vector potential, t h e c u r r e n t density and t h e magnetization, V and vo are t h e reluctivities of iron and air respectively. 
where H is magnetic field intensity.
I n t h e hatched p a r t of Fig.2 ( c ) I the pole piece and the m a g n e t i z i n g coil are set alternately in the &direction, Therefore, it can be assumed that flux density B and magnetization M in the pole piece can be represented by a square wave, as shbwn i n Fig.4 . I n conclusion, the magnetic characteristics of the pole piece, the shape of which v a r i e s in t h e @-direction, can be represented by magnetization M denoted in Fig.4 . A l t h a q h the v a l u e of magnetization M i n ' t h e p l e piece is unknown, t h e calculation is made possible by introducing the iteration technique.
From t h e 3D flux distribution data obtained, variation of torque with r o t o r position was calculated t a k i n g into account the complicated structure of t h e coil of the motor, The torque of the motor is calculated by d i v i d i n g a coil into small parts and multiplying flux density, the current, t h e coif length and t h e r a d i u s in each p a r t , Magnetization M i n the magnet is determined t a k i n g i n t o account t h e magnetizing prqpess of the rnagnet[5],
4. RESULTS AND DISCUSSIONS Figure 5 shows t h e magnetization distribution at p i n t Q denoted in Fig,l(b) , F i g u r e 6 shows the calculated and measured f l u x d e n s i t i e s Br, and Bz at p o i n t P denoted i n Fig.l(b) . The f l u x d e n s i t y is measured by a Hall sensor, this case, the s t a t o r yoke shown in Fig,l(b) is removed in order to perform t h e experiment in an easy manner. Because the rotor magnet is magnetized in 10 poles, north and s o u t h poles oppose each other with' respect to the z-axis a s shown i n Fig,2(b) . Accordingly, there e x i s t s r-directional component Br, Figure 7 shows t h e torques. The torque is measured using a s t r a i n gauge. The calculated results agree well w i t h the results measured.
F i g u r e 8 shows the effects of the pattern of magnetization distribution denoted i n Fig.3 
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.8(deg*) As t h e effect of the p a t t e r n of magnetization distribution and t h e shape of the coil on flux distributions and torque ripples can be calculated without repeating a t r i a l manufacture, the optimum design of the motor will be possible, As the coil shape is a function of the central angle, number of t u r n s and coil width, it is not easy to differenciate various reqsons f o r torque ripples. The paper which discusses such reasons will be reported l a t e r .
It is hoped t h a t o u r method will clarify the detailed behaviour of fluxes and torques of other motors such as core-less motors, l i n e a r motors, 
